ABSTRACT
Introduction
Sea grasses are characteristic features of shallow coastal ecosystems and genera Zostera extends into temperate waters in Europe. Zostera marina and Zostera noltii are two of the four species of seagrasses in the Black Sea (22) , growing in pure and mixed communities on silty and sandy sediments. Sea grass systems vary from a few plants to extensive meadows, which are highly productive ecosystems, providing a link between sediment and water nutrient cycles, with a rich associated fauna (8, 10, 13) .
While sea grasses have a large biomass of leaves, their roots are deep penetrating the substrate and are important for obtaining nutrients from sediments (6, 12) . In sediments colonized by Zostera bacterial diversity is very high, with the most frequently retrieved δ-Proteobacteria subdivision, and data indicate a close interaction between the plants and the natural microbial communities (5, 10) . It has been suggested that the plants, by root excretion of organic compounds and oxygen, may have considerable impact on the activity and structure of the microbial community in the sediment (9, 10) .
Serious problem is the worldwide loss of seagrasses and other submerged aquatic vegetation. Zostera sp. along Bulgarian Black sea coast are also endangered and thus are listed in the Red Data Book of Habitats (3) . Although well documented, the exact reasons are unclear. In many cases the changes are associated with over-enrichment of coastal waters with nutrients (7) , but the process is highly non-linear and the mechanisms are still poorly described (17) .
Although sea grass roots were once considered to serve primarily as anchors, it is now known that they are important for obtaining nutrients (13) . It has been shown that many bacterial species are found in the sediments of seagrass beds and may form synergistic relationships. While it is known that certain bacterial species are important to seagrass ecosystems, the scope and scale of bacteria that are beneficial to seagrasses are not known (10) .
On the other hand field studies on sediments of eutrophic bays suggested that sediment microbial community changes in response to eutrophication. Considering that prokaryotic populations rapidly respond to environmental perturbations and are reliably studied by application of molecular ecological tools, changes in sediment prokaryotes will be useful for assessing the state of coastal environments (1, 10) . The global nutrient cycles are mainly driven by microorganisms and they mediate fluxes of elements from the abiotic to the biotic world. Of great importance for detecting the physiological properties and activity of uncultivated microorganisms are holistic molecular approaches targeting whole natural communities (15).
The present study aims to compare natural bacterial diversity in Zostera sp. beds and in bare sediments. Also bacterial communities associated with seagrass bed sediment in affected area may differ from those associated with sediment in more pristine seagrass habitat, providing an indicator of seagrass health. Structure and diversity of sediment microbial communities are studied taking into account the impact of a point source of unpurified municipal wastewaters near the town of Sozopol. 6 m 3 , respectively as calculated in a previous study (11) . During summertime the area is extensively used for recreation purposes. The major source of pollution is the sewage waters discharged within the bay from town's municipal watercollecting systems, thus forming a well pronounced gradient of eutrophication.
The water salinity within the bay is approx. 16.5‰ and pH 8.4. Sediments at sampling points are mainly sandy with average porosity varies slightly between 23 and 28% with higher values at vegetated samples. For all stations vegetated and station 1 and 2 of bare sediments are well oxidized up to depth of 6-8cm (based on redox potential measurements), while bare sediments at stations 3 and 4 were totally reduced (Karamfilov, unpublished data).
Samples were preserved and transported on ice and immediately processed after reaching the laboratory in Sozopol.
Sampling
Triple sediment core samples (7 cm in depth) were collected from the coastal zone near Sozopol via SCUBA diving in June 2009 and July 2010. Sediments at sampling points were composed mainly of sand and their average porosity and redox potential were assessed.
Undisturbed sediments from Zostera sp. beds and bare unvegetated sediment samples, immediately adjacent to the sea grass bed, were collected along a gradient of an anthropogenic impact from a point source of municipal waste waters. Station 1 was considered to be pristine for the purposes of this study and most likely contains high quality seagrass environment as the most remote from the point source. Station 2 was the one exposed to intensive wave actions. The closest one to the point source was Station 3, and Station 4 was situated at the outer part of Zostera sp. meadow (Fig. 1) .
DNA extraction DNA from sediment cores was extracted in depth at 1 cm intervals. Nucleic acid extraction from sediments was done directly by a modified version of the method of Osborn (19) . The protocol was optimized and tested in our previous study on laboratory "microcosm" system, which imitated chronic oil pollution (24) . Purity and the presence of humic acids in all samples were determined by the color of isolates (transparent, no yellowish color), spectrophotometric indexes (А260/A280>1.7; A260/A230>2) and electrophoretic mobility (standard 0.7% agarose electrophoresis). o C. Amplified product (~1500 bp) was purified using MicroSpin S-400 columns (Amersham Biosciences), according to the manufacturer manual. Amplification was verified by 1.5% agarose gel electrophoresis of purified PCR aliquots.
ARDRA fingerprinting
The common principle of fingerprint methods, and thus to ARDRA, is to separate PCR products of the same length but different sequence and to visualize the diversity within the amplification by a restriction banding pattern (14) .
Enzymatic digestions were performed using 20 µl purified PCR products with a combination of HhaI and MspI (Fermentas) (5U each) in the corresponding buffer. Total volume of restriction reactions was 30 µl and digestions were carried out overnight at 37 o C. 10 µl of digested products were loaded on a 5% (w/v) polyacrilamide nondenaturing gel. Electrophoresis was performed in TBE buffer at a constant voltage of 100 V for 1.5 h, using Hoefer SE 260. After that the gel was washed with TE buffer, stained with SYBR Green I (SigmaAldrich) for 20 min and photographed using UV-G:BOX (Syngene).
The combination of two frequently cutting restrictases -HhaI and MspI produced good resolution by amplified 16S rRNA gene pool. Three replicates from each sample were used to confirm the reproducibility of observed banding pattern. A difference of no more than 10% was obtained (not shown), thus eliminating some of the biases inherent to ARDRA.
Data analysis
Fingerprint comparison was based on the wholetrack densitometric curves -Pearson correlation coefficient (25) as a similarity measure and the Unweighted Pair Group Method using Arithmetic averages (UPGMA) clustering method, with BioNumerics v.6 software package (Applied Maths). To assess the consistency of subclusters, the incorporated cophenetic correlation was used.
Results and Discussion
We used ARDRA to assess the diversity of bacteria in the region, dependable from environmental influxes. From each sediment core total DNA was isolated as described in Materials and Methods. DNA was high-molecular, relative free from humic acids, which reduced potential bias in further molecular analysis. In the restriction pattern of all samples were detected high numbers of bands, which was indirectly related to high bacterial diversity.
Bacterial community comparison according to depth variation
Changes in main bacterial inhabitants of the community were studied in depth of the sediment. ARDRA patterns were generated and compared for different samples, including sediments with Zostera sp. vegetation as well as bare sediments, distributed alongside the supposed anthropogenic impact gradient. The resultant profiles, despite the high number of restriction fragments, were highly similar, with no abrupt changes, following generally changes in O 2 distribution in depth (Fig.  2) .
Bacterial community comparison according to presence of Zostera sp. vegetation
In order to detect big differences in biogeochemical conditions, we used as an indicator the sediment bacterial community. In case of bottom anoxia the comparison should show clear difference. Our expectations were to detect abnormality in the samples, taken from the Zostera sp. field in the close proximity of the point source of eutrophication (p.3). As could be seen from Fig. 3 , reliable differences have shown only samples from the most offshore-situated sample point. They were less than 50% similar to all the others. Although forming distinct cluster, at this point and in all others, presence or lack of vegetation doesn`t affect the dominant bacterial community members. 
Bacterial community comparison according to top/rhizosphere layer
To seek for rhyzosphere influence on the sediment bacteria, community profiles from top sediment were compared with those from layers, in which roots were found. Two big clusters formed, with more than 80% similarity (outstanding are due to inheritant susceptibility of the analysis to technical differences in running gel lanes). Different combinations of frequently cutting restrictases (4 bp-cutters) gave the same result, presented are profiles generated with MspI and HhaI double digest (Fig. 4) .
Bacterial community comparison according to annual variation
In order to correctly assess the ecological situation in seagrass meadow, it is important to monitor how stable the bacterial community is. Very similar community profiles were observed in the two year summer samplings, with bacterial community profiles from 2010 forming tight cluster with only minor differences (Fig. 5) . Two groups were formed in cluster analysis, putting together samples on the annual base. No difference occurred from the presence of vegetation, as discussed in previous section. It is also noticeable, that observed uniqueness in point 2 samples from 2009 does not exist on the next year.
Seagrass communities (g. Zosteretae) are used as valuable indicators for assessment of the ecological state of marine near shore zones (4). They are in a close connection with sediment structure and functional processes there, which are mainly driven by inhabiting natural bacteria.
Similarity of natural bacterial communities was assessed based on the total community comparison. Hypothesis about the bacterial community structure was formulated, taking into account geochemical local characteristics and supposed anthropogenic impact gradient. Using the fingerprint group of molecular methods should have given an answer about the general status and dominant member differences among communities, although no direct linkage between the pattern and bacteria could be done. As we were seeking for existing basic differences in the sampling points, which could be associated with the seagrass decreasing population, the resolution should be enough. Only point 2 samples showed a clear difference from all other, reflecting probably the effect of the specific matrix and passing environmental influences. The exact reasons for the observation still are not clear and have to be further analyzed. But it seems that supposed anthropogenic impact gradient does not basically affect sediment bacterial communities. As in the shallow coastal waters suspended matter reaches quickly the bottom, not finding resultant reaction in bacteria seems to indicate lack of such influence. And thus possible changes in main characteristics of bottom sediments could not be the main reason for disappearing of Zostera plants. Moreover bacterial communities in the Zostera sp. rhyzosphere were highly similar at different points, which described geographic end points of the seagrass field, thus beeing indicator of similar environmental conditions for the plants.
The observed tendency of lack of difference according to vegetation could be due to specificities of sampling area and morphological specificity of Zostera sp. seagrass plants (20, 23) . As rhizomes and rhizobia tend to creep on a big distance in the sediments, the close proximity at which bare sediment samples were taken, could not be far enough to get rid of plant influence. This could be possible explanation of received high similarity. Moreover in many recent studies of seagrasses in temperate waters (10, 2, 21) no differences between microbial communities in vegetated and unvegetated sediments were found. Moreover analyses were done based on day sampling, not taking into account diurnal variations. Thus similarities in bacterial community structural and functional fingerprint profile in Zostera sp. vegetated and bare sediments were rather common than unusual feature.
Important information was gathered about annual variation in the community. Although bacteria react very fast to changes in environmental conditions, very similar community profiles were observed in the two year summer sampling (2009 and 2010) . This could indirectly be result of similar environmental conditions during this part of the year. Because of the lack of monitoring or studies of bacterial marine inhabitants in south-western Black sea part using molecular methods (except our own previous ones), this observation will fill the knowledge gap. And moreover it could give a stable tendency in bacterial community variation in the Zostera sp. field.
Significant bacterial diversity was detected in Zostera sp beds, as well as in bare sediments, which was expected. Further studies are needed to distinguish between the impact of the local environmental fluctuations and the long-term trends in sediment development, related to the status of the seagrass communities. Thus phenomena in Zostera sp. beds need integrated interdisciplinary investigations to search for the possible reasons for the seagrass decline in the coastal zone near Sozopol. 
